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Description

The present invention relates to photo cathodes
used in electron image projection apparatus.

Photo lithography techniques are important in the
production of integrated circuits (ICs). Among such
techniques, an electron image projection technique
has been proposed, by T. W. O’Keefe et al in "An
Electron Imaging System for the Fabrication of Inte-
grated Circuits", Solid State Electronics, Vol. 12, page
841, 1969, as a technique which might satisfy the
demand for sub-micron resolution. This technique has
been intensively studied and developed by many
people, for example as reported by 1. Mori et al in "An
Electron Beam-Image-Projection System for Submic-
ron", Toshiba Review, Vol. 41, No. 5, 1986.

The main structure of an electron image projec-
tion apparatus in vacuum (1,33.10-7 to 1,33.104Pa ;
10-2 to 10-¢ Torr) is schematically illustrated in Fig. 1.

A mask substrate 11, which has been patterned
in advance with a photo cathode material as will be
described below, is held in a mask holder 22. A semi-
conductor wafer 31 on which the pattern on the mask
substrate 11 is to be copied is placed facing and par-
allel to the mask substrate 11, approximately 30 mm
distant, on a wafer holder 30. Ultra violet light 38 of a
proper wavelength is irradiated on to the front surface
ofthe mask substrate 11, reflected by reflectors 36 (or
is irradiated onto the back surface of the mask sub-
strate when that substrate is of transparent material
and when an apparatus is used which is not as shown
in the Figure). The patterned photo cathode is photo
electrically excited and emits photo electrons, which
are accelerated by an applied voltage of approxim-
ately 80 kV between the mask substrate 11 and the
wafer 31. This voltage is applied by supplying -80 kV
to the mask substrate 11 and 0 V to the wafer 31. On
the other hand, a magnetic field is applied perpen-
dicular to the surface of the mask substrate 11 as well
as the wafer 31. Emitted and accelerated electrons 39
are thus accurately focused on the surface of the
wafer 31 by the applied electric and magnetic fields.
The magnetic field is applied from magnetic poles 33,
34 and a compensation coil 26, for providing a uniform
magnetic field. An E-beam (electron beam) resist ma-
terial, such as PMMA (polymethyl methacrylate),
coated on the semiconductor wafer 31 is thus exp-
osed, by the accelerated and focused electrons, with
the pattern of the photo cathode material on the mask
substrate 11. This is the principle of electron image
projection.

There are two main types of photo cathode used
for such electron image projection, employing diffe-
rent materials. The first is a type using Csl (caesium
iodide) and the second is a type using semiconductor
material, such as GaAs (gallium arsenide), having
caesium, etc., thereon, as disclosed by Yasuda et al
in United States Patent application No. 799 321.
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The structure of a photo cathode of the first type,
for use with back or front illuminating light, is
schematically illustrated in Fig. 2. Upon a substrate 15
which is made of quartz or sapphire, and is therefore
transparent to the illuminating ultra violet light, a Cr
(chrome) layer is patterned as indicated at 12 by a
conventional photo mask making technique, such as
sputtering, electron beam exposure and etching.
Then, Csl is deposited over the surface of the patter-
ned substrate 15, as indicated at 10 and 10’. Ultra
violet light 4 is irradiated onto the back surface of the
substrate 15 (light 4’ may alternatively be illuminated
on to the front surface), through which the light photo
electrically excites the Csl 10 coated directly on the
substrate, indicated as photo cathode 14 in Fig. 2. The
light-excited Csl 10 emits photo electrons, which are
pulled out of the surface by the applied electric field.
The Cr pattern 12 prevents light from reaching Csl
layer parts 10’ formed on that pattern. Thus, the photo
cathode 14 is patterned.

The structure of a photo cathode of the second
type, for use with front illuminating light, is schemati-
cally illustrated in Fig. 3. Upon a substrate 11 made
of a photoelectric material, such as GaAs, which is not
transparent for the irradiating light, a tungsten layer
for masking non-cathode portions is patterned as indi-
cated at 12’ by a conventional lithography technique,
such as sputtering, electron beam exposure and etch-
ing. Then, several atomic layers of Cs 13 and 13’ are
coated over the surface of the tungsten-patterned
GaAs substrate 11. Ultra violet light 4’ is irradiated on
to the surface of the patterned substrate 11 having the
Cs layering 13 directly thereon. Photo cathode portion
14, where the GaAs substrate absorbs the light 4
through the Cs layer 13 and produces photo electrons
therein, emits electrons, which are pulled out of the
surface by the applied electric field. The tungsten pat-
tern 12’ having Cs atoms 13’ thereon emits a much
lesser quantity of photo electrons than the GaAs with
Cs thereon. Thus, a patterned photo cathode is for-
med.

Problems of the first (Csl) type of cathode are as
follows :

1. The work function for the emission of a photo
electron is as high as approximately 6 eV, which
means that a low-pressure mercury lamp, emit-
ting light of wavelength 184,9 nm (1849 Ang-
stroms), or so, is required as a light source for
irradiation of the photo cathode. However, no
suitable focusing means are available for light of
this wavelength.

2. The lifetime of the Csl is notlong enough for an

efficient IC fabrication process. This is because

the Csl is not only very deliquescent but also
reduces itself even in a vacuum, This also means
it is impossible to take a Csl coated mask into air,
for example for inspection of the uniformity of the
Csl coating.
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Problems of the second (GaAs plus Cs} type of
cathode are as follows :

After a masking pattern is formed of tungsten efc.
by a method such as sputtering, lithography and etch-
ing, on the surface of the GaAs substrate, the surface
of the GaAs substrate must be cleaned up by being
heated at 630°C or higher in a high vacuum, so that
contaminating material on the substrate is evapo-
rated. Accordingly, the atoms of the substrate ma-
terial can contact Cs atoms for reducing the work
function of the surface of the photo cathode. However,
this heat cleaning does not always reliably provide a
satisfactorily clean surface and less uniform, i.e. less
stable, photo electron emissivity may result. Further,
the heating process makes masking metal diffuse
laterally into the cathode portion 14 which is not mas-
ked by the masking metal. The borderlines between
masked and non-masked areas (i.e. 14) are made
less sharp, namely blurred, by this diffusion. At blur-
red edges photo electron emissivity deteriorates,
resulting in deterioration of sharpness, i.e. resolution,
of image projection.

For example, EP-A-0 182 665 discloses the use
of Ag,0 in a photo cathode. US-A-4 005 485 discloses
a photocathode with an emitter layer as silver evapo-
rated onto an insulating layer provided on a semicon-
ductor layer and subsequently treated with caesium
and oxygen.

According to the present invention there is pro-
vided a photo cathode, employing silver as photoelec-
tric material, with a layer of alkali or alkali earth metal
on the silver, effective to lower the work function of the
silver.

An embodiment of the present invention can pro-
vide a photo cathode structure which is more stable,
i.e. less susceptible to damage by the atmosphere
and easier to handle for efficient electron image pro-
jection operations, and of improved uniformity.

An embodiment of the present invention can pro-
vide a photo cathode structure with which sub-micron
resolution can be achieved, as required in VLSI (Very
Large Scale Integration) fabrication.

In an example of an embodiment of the present
invention, a photo cathode patterned on a mask sub-
strate is made of an Ag (silver) layer and several
atomic layers of alkali metal or alkali earth metal
coated on the silver layer.

The silver layer may be coated over all of a sur-
face of the substrate, then non-cathode portions mas-
ked with a pattern of a non-photoelectric material,
such as tungsten.

Alternatively, the silver layer may itself be patter-
ned to the required cathode pattern

Alternatively again, the substrate may itself be of
silver, in effect providing the silver layer mentioned
above as an integral part of the substrate.

With a photo cathode in accordance with an
embodiment of the present invention, a mercury lamp
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providing light of wavelength 365 nm (3650 Ang-
stroms) can be used.

Reference is made, by way of example, to the
accompanying schematic drawings, in which :

Fig. 1 illustrates general structure of a front or sur-

face illumination electron beam projection

apparatus ;

Fig. 2 is a cross-sectional illustration of a previ-

ously proposed photo cathode structure, using

Csl as photo cathode material, for back or front

illumination ;

Fig. 3 is a cross-sectional illustration of a previ-

ously proposed photo cathode structure, using

GaAs as photo cathode material, for front or sur-

face illumination ;

Figs 4 to 7 are cross sectional illustrations of

photo cathode structures in accordance with

exemplary embodiments of the presentinvention;
and

Fig. 8 is a graph illustrating photo cathode

lifetimes.

A photo cathode structure for front (surface) or
back illumination, in accordance with an embodiment
of the present invention, is shown in Fig. 4. Upon the
surface of a substrate 15 of transparent material, such
as quartz or sapphire, an Ag (silver) layer 16 is coated
to a thickness for example in the range 10 Angstroms
to 1um, for instance 15 nm (150 Angstroms), by a
method such as sputtering, vapour deposition or plat-
ing. If the Ag layer is thinner than 1 nm (10 Ang-
stroms), photo electron emissivity is not secured. A
layer 12 of non-photoelectric material, or of non-trans-
parent material, such as Cr, Pt (platinum), Au (gold),
W (tungsten), Mo (molybdenum), Ti (titanium), Ta
(tantalum) etc., is patterned on the Ag layer 16. The
layer 12 has a thickness for example in the range 10~
400nm (100 to 4000 Angstroms), for instance 100 nm
(1000 Angstroms), and may be patterned by any suit-
able lithography technique, such as E-beam lithogra-
phy. The pattemned layer 12 masks locally
non-cathode portions. A layer 17, 17’ of an alkali
metal, such as Cs, K (potassium), or Rb (rubidiumy), or
an alkali earth metal such as Ba (barium) or Ca (cal-
cium), is coated over the surface of the patterned sub-
strate, to a thickness of as much as several atomic
layers.

Layers designated 17, 17’ will bereferredtoas Cs
(caesium) layers below, by way of example and for
brevity, butit is to be understood that such layers may
be of any alkali or alkali earth metal.

The Cslayer 17, 17’ may be coated, for example,
by a caesium ion beam technique, by evaporation of
caesium chromate, or by use of a commercially avail-
able so-called caesium dispenser. Heating the sub-
strate in caesium vapour is also effective.

After coating with the Cs layer 17, 17’, the sub-
strate 15 is heated in vacuo at 50 to 200°C for, gen-
erally, 1to 10 minutes. If heating time is too long, there
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is a deterioration in exposure contrast, and if it is too
short its effect is unreliable, in other words electron
emissivity may be low. The processed substrate 15
with the Cs layer thereon is loaded in electron image
projection apparatus, for example as shown in Fig. 1,
generally without being exposed to air, for better elec-
tron emissivity. If the apparatus is for back irradiation
through the transparent substrate 15 on to the back of
the Ag layer 16, the magnet pole 33, 34 are removed
and replaced by magnet coils (not shown in Fig. 1) in
order to clear a path for light. The light, 4 or 4,
irradiated onto the Ag layer 16 from either front or
back (through the transparent substrate), excites the
Ag layer and produces photo electrons therein. The
photo electrons are pulled out by the applied electric
field to the surface of the Ag layer, where the Cs coat-
ing helps the electrons emerge from the cathode
because it reduces the work function of the cathode.

Ifthe Ag layer is iradiated from the back, if the Ag
layer is too thick the produced photo electrons cannot
reach the opposite surface from which they are to
emerge. The portions of the Ag layer covered by the
masking metal pattern 12 also produce photo elec-
trons, but these do not emerge (into the vacuum of the
apparatus), because the masking metal 12 (with Cs
thereon) is not active to emit electrons. The produced
photo electrons loose scattering energy and finally
vanish. If the masking pattern 12 is too thin, irradiating
light passes therethrough, causing deterioration in
exposure contrast. Too thick a masking pattern may
cause no particular problem. Thus, an exposure con-
trast, i.e. ratio of electron current from photo cathode
portions to electron current from masked portions, of
as high as approximately 20 can be attained.

For cases in which the photo cathode is irradiated
from the front (surface or outer side irradiation), the
substrate may be of non-transparent material, and too
great athickness ofthe Ag layer may cause problems.
The masking metal pattern 12 shields the Ag layer
surface from front irradiating light 4’, and thus portions
of the Ag layer under the masking pattern do not pro-
duce photo electrons, unless the masking pattern is
too thin. If light passes through the masking pattern,
the projected image becomes less sharp. If the mask-
ing pattern is too thick, shadowing of to the masking
pattern on to the photo cathode (non-masked) por-
tions can result in deterioration of sharpness of the
projected image.

Fig. 5 illustrates the structure of a photo cathode
for back irradiation, in accordance with another embo-
diment of the present invention. This structure has a
suitable transparent substrate material, e.g. quartz or
sapphire, as in the embodiment of Fig. 4.

Over a substrate 15, a layer 12’ of non-
photoelectric or non-transparent material, such as W,
Mo, Cr, Pt, Au, Ti, Ta, or the like, is coated and pat-
terned, similarly to the layer 12 in the embodiment of
Fig. 4. A silver (Ag) layer 20 is formed over the exp-

10

16

20

25

30

35

40

45

50

osed surfaces of the substrate 15’ and patterned layer
parts 12’ as in the embodiment of Fig. 4. Over the sil-
ver layer 20, a layer 17, 17’ of an alkali metal, such
as Cs, K (potassium), or Rb (rubidium), or an alkali
earth metal such as Ba (barium) or Ca (calcium), is
coated over the surface of the patterned substrate, to
a thickness of as much as several atomic layers.

Layers designated 17, 17’ are, as mentioned
above, referred to as Cs (caesium) layers in this
embodiment and embodiments described below, by
way of example and for brevity, but it is to be under-
stood that such layers may be of any alkali or alkali
earth metal.

The photo cathode of Fig. 5 is similar to that of
Fig. 4, with the order in which the silver layers (16 in
Fig. 4 and 20 in Fig. 5) and e.g. tungsten patterns (12
in Fig. 4 and 12’ in Fig. 5) are applied to the substrate
reversed between Fig. 4 and Fig. 5.

Fig. 6 illustrates the structure of a photo cathode
for front (surface) irradiation, in accordance with
another embodiment of the present invention.

Over a substrate 18, which is not required to be
transparent for the irradiating light and therefore can
be of a material readily available in the industry, such
as silicon, a layer 19 of non-photoelectric material,
such as W, Mo, Cr, Pt, Ay, Tj, Ta, or the like, is coated
to a thickness in the range, for example, of 10-400 nm
(100 to 4000 Angstroms), for instance 200 nm (2000
Angsfroms), by a method such as sputtering. This
layer acts as a conductor to supply electrons to the
photo cathode. Upon the layer 19, an Ag layer 20 is
patterned. The layer 19 has a thickness, for example,
in the range 500 Angstroms to 1um, for instance 100
nm (1000 Angstroms). The patterning can be accom-
plished by a method using a lithography technique or
a lift-off method. The patterned Ag layer 20 thus forms
the pattern of the photocathode. The thickness of the
Ag layer is not critical for the quality of the produced
image. Next, Cs 17, 17’ is deposited on all of the exp-
osed surface of the layers 19 and 20, to a thickness
of as much as several atomic layers, in the same way
as described for Fig. 4. The resulting photo cathode
is indicated at 14.

The processed substrate with the Cs layering is
loaded in to electron image projection apparatus, for
example as shown in Fig. 1, usually without being
exposed to air. When light 4’ (38 in Fig. 1) is irradiated
on to the surface (fronf) of the processed substrate,
with application of electric and magnetic fields, the
patterned Ag layer 20 with Cs layer 17 thereon acts
as photo cathode 14 to emit electrons. Other portions,
where Cs layer 17’ lays direcly on metal layer 19, emit
considerably fewer electrons than the Ag portions
with Cs thereon, a relatively negligible quantity of
electrons.

Fig. 7 illustrates the structure of another photo
cathode for front (surface) irradiation, in accordance
with an embodiment of the present invention.
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In this case, a substrate 21 made of Ag is
employed in place of a substrate with an Ag layer the-
reon (see e.g. Fig. 4). Other features of the structure
of Fig. 7 are similar to those of Fig. 4. The structure

proposed photo cathode type using a Csl layer.
This latter curve is merely schematic and illustra-
tive, plotted to a free scale, indicating in a general
sense the performance of this type of photo

of Fig. 7 can be used only with front (surface or outer) 5 cathode relative to the other types. As illustrated,

irradiation. when the photo cathodes are used in evacuated
Embodiments of the present invention offer the electron image projection apparatus, photo

following advantages : cathode operation decays. For the embodiment
1. The absorption edge of Ag is approximately 4 of the present invention, decay is very slow, over
eV, which is lower than that (6 eV) of Csl. This 10 several tens of hours. The GaAs+Cs type of
means that the light for exciting photo electrons photocathode decays quickly : for the first several
can have a wavelength of, for example 300-400 minutes it emits ten times more electrons than
nm (3000 to 4000 Angstroms), for instance the subsequently and continues to decay. The Csl
so-called "i-line", i.e. 365 nm (3650 Angstroms). type is deliquescent, and electron emission
This wavelength can be produced by asuperhigh 15 decays to half level after the first several hours.
pressure mercury lamp, which can deliver a The embodiment of the present invention can
strong Hine, easy for focusing. On the other hand, thus offer improvement in the throughput of elec-
a low pressure mercury lamp which delivers light fron beam processing.
of arelatively shorter wavelength, not easy for fo- 4. Fluctuation of photo electron emissivity bet-
cusing, must be used for a Csl type photo 20 ween mask substrates (between photo cathodes)
cathode. Light of 300-400 nm (3000 to 4000 Ang- is reduced from the 30% of the GaAs+Cs type to
stroms) can easily be focused by a lens, so that 10% for an embodiment of the present invention.
high density light can be iradiated on to a photo This is believed to be achieved by the pure con-
cathode, to provide output of a higher electron tact of the Cs atoms to their Ag base as well as
current. 25 the reason mentioned in 3. above, and contri-
2. After alkali/alkali earth metal (e.g. Cs) is coated butes to uniform and high quality fabrication of
over the Ag layer, heating to 50 t0 200° C, as men- ICs.
tioned above, is preferable. This heating process 5. Used mask substrates can be reused by re-
can provide a significant improvement in photo deposition of alkali/alkali earth metal thereon in
cathode emissivity : e.g. photo electron currentof 30 vacuo. For reclamation of the GaAs substrate of
0.1pA was increased to 20pA after heat proces- the GaAs+Cs type, about 150 minutes are
sing, a two hundred times improvement, with required, because the substrate and the tools
other conditions, such as acceleration voltage, must be heated to as much as 630 C and must be
magnetic field or light intensity kept the same as cooled in vacuo. However, the mask substrate of
those of previously proposed apparatus. It is 35 an embodiment of the present invention can be
believed that the heating process makes a purer cooled in only three minutes, because the heating
and more stable contact befween Ag and the temperature is much lower. This contribute to
coating material. The heating process tempera- improvement of throughput of electron beam pro-
ture is much lower than the 630 to 680°C required cessing.
by the previously proposed GaAs substrate with 40 6. It is possible to take a substrate in accordance
Cs thereon for reducing work function. Thus, the with the present invention, with alkali/alkali earth
problem of the previously proposed GaAs sub- metal applied to the Ag, out of vacuum, because
«strate - diffusion caused by high temperature pro- the Ag is not susceptible to damage by air. This
cessing causing less sharp edges of masked enables a visual check of the processed surface
non-cathode portions - does not arise. Resolution 45 of the photo cathode for uniformity etc., and con-
of 0.4 to 0.5 um can be reliably achieved, and re- tributes to uniform and high quality fabrication of
solution of 0.15 to 0.3 um can be achieved quite ICs. Such visual checking of Csl type cathodes is
readily. absolutely impossible because of the deliquesc-
3. A photo cathode in accordance with an embo- ence of the Csl.
diment of the present invention can have a life 50 7. Photo cathodes in accordance with embodi-
longer than that of a previously proposed photo ments of the present invention enable both nega-
cathode having a GaAs substrate with Cs the- tive and positive electron beam exposures of
reon. This is indicated in the graph of Fig. 8 where resists, such as PMMA, which can withstand a dry
photo current is plotted against time. In the graph etching atmosphere.
the curve Ag+Cs relates to an embodimentofthe 65 in a photocathode in accordance with an embo-
present invention, whilst curve GaAS+Cs relates diment of the present invention, for electron image
to the previously proposed cathode mentioned projection apparatus, uses silver as a photo electric
above. The curve Csl relates to the previously material, for example in a layer on a substrate, with a
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layer of alkali or alkali earth metal, such as caesium,
on the silver. The caesium layer is as thick as several
atomic layers and serves to reduce the work function
of the photo cathode.

On a silver substrate, or a silver layer coated over
the whole of a non-silver substrate, non-cathode por-
tions may be masked by a non-photoelectric metal or
a non-transparent metal, such as platinum.

Alternatively, a silver layer may be patterned on
a layer of non-photoelectric metal coated on a sub-
strate.

Light for exciting a photocathode may be
irradiated on to the front of the photocathode or onto
the back, to reach a silver layer through a transparent
substrate, when the photo cathode structure is suit-
able.

After deposition of the alkali/alkali earth metal,
e.g. caesium, on the silver, heating at 50 to 200°C in
vacuum is carmried out. A contrast ratio, ratio of elec-
tron currents from cathode and non-cathode portions,
as high as 20 can be achieved. The low heating tem-
perature prevents lateral diffusion of masking metal,
giving sharp edges to the cathode pattern.

The silver with alkali/alkali earth metal, e.g.
caesium, thereon is not susceptible to damage by air,
so long life and easy handling can be provided for effi-
cient photolithography processing.

The low absorption edge of the silver allows the
use of a high pressure mercury lamp whose light can
easily be focused by a lens.

Claims

1. A photo cathode, with essentially pure silver as
photoelectric material, with a layer of alkali or alkali
earth metal on the silver, effective to lower the work
function of the silver.

2, A photo cathode as claimed in claim 1, wherein
the layer of alkali or alkali earth metal is of caesium,
potassium, rubidium, barium or calcium.

3. A photo cathode as claimed in claim 1 or 2,
wherein the layer of alkali or alkali earth metal is sev-
eral atomic layers thick.

4. A photo cathode a claimed in any preceding
claim, for use in electron image projection apparatus,
patterned in accordance with a desired electron
image, having a silver substrate, a patterned non-
photoelectric metal masking layer on the substrate,
locally masking parts of the substrate, with the layer
of alkali or alkali earth metal formed over the masking
layer and exposed substrate surface parts.

5. A photo cathode a claimed in any of claims 1
to 3, for use in electron image projection apparatus,
patterned in accordance with a desired electron
image, having a substrate, a silver layer on the sub-
strate, a patterned non-photoelectric metal masking
layer on the silver layer, locally masking parts of the

10

15

20

25

30

35

40

45

silver layer, with the layer of alkali or alkali earth metal
formed over the masking layer and exposed silver
layer surface parts.

6. A photo cathode a claimed in any of claims 1
to 3, for use in electron image projection apparatus,
patterned in accordance with a desired electron
image, having a substrate, a non-photoelectric and
conductive masking layer on the substrate, a patter-
ned silver layer on the masking layer, with the layer
of alkali or alkali earth metal formed over the silver
layer and exposed masking layer surface parts.

7. A photo cathode a claimed in any of claims 1
to 3, for use in electron image projection apparatus,
patterned in accordance with a desired electron
image, having a transparent substrate, transparent to
light of a wavelength for which the silver is photoelec-
trically active, for example of quartz or sapphire, a pat-
terned non-transparent masking layer on the
substrate, a silver layer on the masking layer, with the
layer of alkali or alkali earth metal formed over the sil-
ver layer and exposed masking layer surface parts.

8. A photo cathode as claimed in claim 5 or 6,
wherein the subsfrate is transparent to light of a
wavelength for which the silver is photoelectrically
active, for example of quartz or sapphire.

9. A photocathode as claimed in claim 5 or 6, whe-
rein the substrate is non-transparent to light of a
wavelength for which the silver is photoelectrically
active, for example of silicon.

10. A photo cathode as claimed in claim 7, whe-
rein the silver layer is 10-9 m to 5-10-7 m thick.

11. A photo cathode as claimed in claim 5, whe-
rein the silver layer is 10-3 pm to 1 pm thick.

12. A photo cathode as claimed in claim 6, whe-
rein the silver layer is 0,05 pm to 1 pm thick.

13. A photo cathode as claimed in claim 4, 5, 6,
7, 8, 9, 10, 11 or 12, wherein the masking layer is of
tungsten, chrome, gold, platinum, molybdenum, tan-
talum or titanium. .

14. A photo cathode as claimed in claim 10, whe-
rein the masking layer is 10-8 m to 4-10-7 m thick.

15. A photo cathode as claimed in claim 13, read
as appended directly or indirectly to claim 7, wherein
the masking layer is thicker than 5-108 m

16. Electron image projection apparatus, com-
prising a photo cathode as claimed in any of claims 4
to 15 and a high-pressure mercury famp for providing
light for irradiating the photo cathode. '

17. Electron image projection apparatus, com-
prising a photo cathode as claimed in any of claims 4
to 15 and a light-source for irradiating the phbto
cathode with light of a wavelength shorter than 4-10-7
m.

18. Electron image projection apparatus, com-
prising a photo cathode as claimed in any of claims 4
to 15 and a light-source for irradiating the photo
cathode with light of a wavelength between 3.10-7 and
4107 m.
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19. Electron image projection apparatus, com-
prising a photo cathode as claimed in any of claims 4
to 15 and a light-source for irradiating the photo
cathode with light of a wavelength of substantially
3,65-10-" m.

20. A method of manufacturing a photo cathode
as claimed in any one of claims 1 to 15, comprising
treating the silver with the layer of alkali or alkali earth
metal thereon in vacuo by heating to a temperature in
the range 50 to 200°C.

Anspriiche

1. Photokathode mit im wesentlichen reinem Sil-
ber als photoelekirischem Material, mit einer Schicht
aus Alkali oder Alkalierdmetall auf dem Silber, effektiv
zur Herabsetzung der Austrittsarbeit des Silbers.

2. Photokathode nach Anspruch 1, bei der die
Schicht aus Alkali oder Alkalierdmetall aus Césium,
Kalium, Rubidium, Barium oder Kalzium besteht.

3. Photokathode nach Anspruch 1 oder 2, bei der
die Schicht aus Alkali oder Alkalierdmetall merere
Atomschichten dick ist.

4. Photokathode nach einem der vorhergehen-
den Anspriiche, zur Verwendung in einer elekironi-
schen Bildprojektionsvorrichtung, gemustert in
Ubereinstimmung mit einem gewilnschten Elektro-
nenbild, mit einem Silbersubstrat, einer gemusterten,
nicht photoelekirischen Metallmaskenschicht auf
dem Substrat, lokal maskierenden Teilen des Sub-
strats, wobei die Schicht aus Alkali oder Alkalierdme-
tall {iber der Maskenschicht und den exponierten
Substratoberflachenteilen gebildet ist.

5. Photokathode nach einem der Anspriiche 1 bis
3, zur Verwendung in einer elekfronischen Bildprojek-
tionsvorrichtung, gemustert in Ubereinstimmung mit
einem gewiinschten Elektronenbiid, mit einem Sub-
strat, einer Silberschicht auf dem Substrat, einer
gemusterten, nicht-photoelektrischen Metalimasken-
schicht auf der Silberschicht, lokal maskierenden Tei-
len der Silberschicht, wobei die Schicht aus Alkali
oder Erdalkalimetall iber der Maskenschicht und den
exponierten Silberschichtoberflachenteilen gebildet
ist.

6. Photokathode nach einem der Anspriiche 1 bis
3, zur Verwendung in einer elektronischen Bildprojek-
tionsvorrichtung, gemustert in Ubereinstimmung mit
einem gewiinschten Elektronenbild, mit einem Sub-
strat, einer nicht-photoelektrischen und leitenden
Maskenschicht auf dem Substrat, einer gemusterten
Silberschicht auf der Maskenschicht, wobei die
Schicht aus Alkali oder Alkalierdmetall Gber der Sil-
berschicht und den exponierten Teilen der Masken-
schichtoberfiiche gebildet ist.

7. Photokathode nach einem der Anspriiche 1 bis
3, zur Verwendung in einer Elektronenbildprojektions-
vorrichtung, gemustert in Ubereinstimmung mit einem
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gewiinschten Elektronenbild, mit einem transparen-
ten Substrat, das gegeniiber Licht von einer Wellen-
lange transparent ist, flir welche das Silber
photoelektrisch aktiv ist, zum Beispiel aus Quartz
oder Saphir, einer gemusterten nicht-transparenten
Maskenschicht auf dem Substrat, einer Silberschicht
auf der Maskenschicht, wobei die Schicht aus Alkali
oder Alkalierdmetall Giber der Silberschicht und expo-
nierten Teilen der Maskenschichtoberflache gebildet
ist.

8. Photokathode nach Anspruch 5 oder 6, bei der
das Substrat gegeniiber Licht von einer Wellenlange
transparent ist, fiir welche Silber photoelektrisch aktiv
ist, zum Beispiel aus Quartz oder Saphir.

9. Photokathode nach Anspruch 5 oder 6, bei der
das Substrat gegeniber Licht von einer Wellenlange,
fiir welche Siiber photoelektrisch aktiv ist, nicht trans-
parent ist, zum Beispiel aus Silizium.

10. Photokathode nach Anspruch 7, bei der die
Silberschicht 10-2 m bis 5x10-7 m dick ist.

11. Photokathode nach Anspruch 5, bei der die
Silberschicht 102 um bis 1 pm dick ist.

12. Photokathode nach Anspruch 6, bei der die
Silberschicht 0,05 pm bis 1 pm dick ist.

13. Photokathode nach Anspruch 4, 5, 6,7, 8, 9,
10, 11 oder 12, bei der die Maskenschicht aus Wol-
fram, Chrom, Gold, Platin, Molybdan, Tantal oder
Titan ist.

14. Photokathode nach Anspruch 10, bei der die
Maskenschicht 10-8 m bis 4x10-7 m dick ist.

15. Photokathode nach Anspruch 13, direkt oder
indirekt in Verbindung mit Anspruch 7 gelesen, beider
die Maskenschicht dicker als 5-10-8 m ist.

16. Elektronische Bildprojektionsvorrichtung mit
einer Photokathode nach einem der Anspriiche 4 bis
15 und einer Hochdruckquecksilberiampe zum Lie-
fern von Licht zur Bestrahlung der Photokathode.

17. Elektronische Bildprojektionsvorrichtung mit
einer Photokathode nach einem der Anspriiche 4 bis
15 und einer Lichtquelle zur Bestrahlung Photokat-
hode mit einem Licht von einer Wellenlgnge kiirzer als
4x10-7 m.

18. Elekironische Bildprojektionsvorrichtung mit
einer Photokathode nach einem der Anspriiche 4 bis
15 und einer Lichtquelle zur Bestrahlung Photokat-
hode mit einem Licht von einer Wellenlénge zwischen
3x10-7 m und 4x10-" m.

19. Elektronische Bildprojektionsvorrichtung mit
einer Photokathode nach einem der Anspriiche 4 bis
15 und einer Lichtquelle zur Bestrahlung Photokat-
hode mit einem Licht von einer Wellenldnge von im
wesentlichen 3,65x10-7 m.

20. Verfahren zur Hersteliung einer Photokat-
hode nach einem der Anspriiche 1 bis 15, einschlieR-
lich der Behandlung des Silbers mit der Schicht aus
Alkali oder Erdalkalimetall darauf in einem Vakuum
durch Erhitzen auf eine Temperatur in dem Bereich
von 50 bis 200°C.
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Revendications

1. Photocathode comportant de I'argent pratique-
ment pur comme matiére photoélectrique, munie
d’une couche d'un métal alcalin ou alcalino-terreux
placée sur I'argent et réduisant efficacement le fravail
d’extraction de I'argent.

2. Photocathode selon la revendication 1, dans
laquelle la couche de métal alcalin ou alcalino-terreux
est formée de césium, de potassium, de rubidium, de
baryum ou de calcium.

3. Photocathode selon la revendication 1 ou 2,

dans laquelle la couche de métal alcalin ou alcalino-

terreux a une épaisseur de plusieurs couches atomi-
ques.

4. Photocathode selon P'une quelconque des
revendications précédentes, destinée 3 étre utilisée
dans un appareil de projection d'image électronique
et formant un dessin correspondant & une image élec-
tronique voulue, la photocathode ayant un substrat
d’argent, et une couche formant un dessin de masque
d’un métal non photoélectrique, placée surle substrat
et masquant localement des parties du substrat, la
couche du métal alealin ou alcalino-terreux étant for-
mée sur la couche de masque et sur les parties expo-
sées de la surface du substrat.

5. Photocathode selon l'une quelconque des
revendications 1 a4 3, destinée a étre utilisée dans un
appareil de projection d'image électronique formant
un dessin correspondant & une image électronique
voulue, ayant un substrat, une couche d'argent pla-
cée sur le substrat et une couche d'un masque d'un
métal non photoélectrique formant un dessin sur la
couche d'argent et masquant localement des parties
de la couche d'argent, la couche du métal alcalin ou
alcalino-terreux étant formée sur la couche de mas-
que et sur les parties exposées de la surface de la
couche d'argent.

8. Photocathode selon I'une quelconque des
revendications 1 & 3, destinée a étre utilisée dans un
appareil de projection d’'image électronique, formant
un dessin correspondant & une image électronique
voulue, ayant un substrat, une couche conductrice et
non photoélecfrique de masque formée sur le subs-
trat, et une couche d'argent formée suivant un dessin
sur la couche de masque, la couche de métal alcalin
ou alcalino-terreux étant placée sur la couche
d’argent et sur les parties exposées de la surface de
la couche de masque.

7. Photocathode selon l'une quelconque des
revendications 1 & 3, destinée a &tre utilisée dans un
appareil de projection d'image électronique et formant
un dessin correspondant 4 une image électronique
voulue, ayant un substrat fransparent a la lumiére &
une longueur d'onde & laquelle I'argent est photoélec-
triquement actif, le substrat étant par exemple formé
de quartz ou de saphir, une couche non transparente
de masque formant un dessin sur le substrat, et une
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couche d'argent placée sur la couche de masque, la
couche du métal alcalin ou alcalino-terreux étant for-
mée sur la couche d'argent et sur des parties expo-
sées de la surface de la couche de masque.

8. Photocathode selon la revendication 5 ou 6,
dans laquelle le substrat est transparent & la lumiére
2 une longueur d’onde & laquelle I'argent est photoé-
lectriquement actif, et est par exemple formé de
quartz ou de saphir.

9. Photocathode selon la revendication 5 ou 6,
dans laquelle e substrat n’est pas transparent & la
lumiére & une longueur d'onde & laquelle I'argent est
photoélectriquement actif, et est par exemple formé
de silicium.

10. Photocathode selon la revendication 7, dans
laquelle la couche d’argent a une épaisseur comprise
entre 102 et 10" m.

11. Photocathode selon la revendication 5, dans
laquelle |a couche d’argent a une épaisseur comprise
entre 103 et 1 um.

12. Photocathode selon la revendication 6, dans
laquelle la couche d’argent a une épaisseur comprise
entre 0,05 et 1 um.

13. Photocathode selon la revendication 4, 5, 6,
7,8,9,10, 11 ou 12, dans laquelle la couche de mas-
que est formée de tungsténe, de chrome, d’or, de pla-
tine, de molybdéne, de tantale ou de titane.

14. Photocathode selon la revendication 10, dans
laquelle la couche de masque a une épaisseur
comprise entre 10-8 et 4-10-" m.

15. Photocathode selon la revendication 13,
dépendant directement ou indirectement de ia reven-
dication 7, dans laquelle la couche de masque a une
épaisseur supérieure a 5-10-8 m.

16. Appareil de projection d'image électronique,
comprenant une photocathode selon I'une quelcon-
que des revendications 4 & 15 et une lampe & vapeurs
de mercure a haute pression destinée & donner de la
lumiére d'irradiation de la photocathode.

17. Appareil de projection d'image électronique,
comprenant une photocathode selon I'une quelcon-
que des revendications 4 & 15 et une source fumi-
neuse destinée 2 irradier la photocathode avec de la
lumiére & une longueur d’onde inférieure 4 4-10-" m.

18. Appareil de projection d'image électronique,
comprenant une photocathode selon I'une quelcon-
que des revendications 4 & 15, et une source lumi-
neuse destinée & irradier la photocathode avec de la
lumiére ayant une longueur d'onde comprise entre
3107 et 410" m.

19. Appareil de projection d'image électronique,
comprenant une photocathode selon I'une quelcon-
que des revendications 4 & 15 et une source lumi-
neuse destinée 2 irradier la photocathode avec de la
lumiére & une longueur d'onde sensiblement égale &
3,65-10-"m,

20. Procédé de fabrication d'une photocathode
selon I'une quelconque des revendications 1 & 15,

¥y
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comprenant le traitement sous vide de I'argent portant
la couche du métal alcalin ou alcalino-terreux par
chauffage & une température comprise enfre 50 et
200°C.
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